
Volume 6 • Issue 3 • 1000173
Agrotechnology, an open access journal
ISSN: 2168-9881 

Open AccessResearch Article

Agrotechnology 
Agrotechnology

ISSN: 2168-9881

Vásquez and Vásquez, Agrotechnology 2017, 6:3
DOI: 10.4172/2168-9881.1000173

Keywords: “Loche”; “Loche de Lambayeque”; Hydroponic Technology; 
Dutch Bucket; Soilless agriculture

Introduction
“Loche” Cucurvita moschata Duchesne is a pre-Columbian 

squash, member of the Cucurbitaceae family. In Peruvian territory 
is commonly referred as “Loche” and lately “Loche de Lambayeque” 
[1], the last being a geographical reference given that the “Loche” 
production is focused in Lambayeque region, northern Peru which was 
the center for an ancient civilization called “The Moche” and whose 
population domesticated “Loche” squash as depicted in archaeological 
findings [2,3].

Cucurbitaceae family is a major group with more than 100 genera 
and 800 Species among which some food-producing plants commonly 
referred as pumpkins and squashes are found [4,5]; lonely or racimic 
flowering structures of unisexual flowers are observed, distinctive in 
this group is that the five welded stamens form an axial sinander and 
inferior ovary for female flowers, fruits being penonide type; “Loche” is 
monoecious and 2n=40 [3]. Fruits of “Loche” have 10 loosely defined 
warty longitudinal ridges that are often a darker shade than the rest of 
the fruit and thus make the fruit subtly stripped, they start out light 
green but gradually turn to dark green with a glaucous waxy covering 
at maturity [6]. Recently, a comprehensive description of this squash 
was made, concluding that there had been domesticated two highly 
differentiated varieties of C. moschata Duchesne (“zapallo Loche”, 
“zapallo criollo”): a small seedless flavorsome one (fruits<1 kg) and 
a big seed-producing less flavorish one (fruits<2 kg>), the last more 
extensively cultivated and whose fruits exceptionally reach 6 kg [7]. 
Commercially, fruits are classified in seven qualities from less than 650 
g to above 2.2 kg [8]. 

“Loche de Lambayeque” is highly appreciated in Peruvian cuisine 
[9,10], presumably due to a high content of umami flavor signaling 
molecules, its aroma and flavor are sui generis, being nutrition-driven 
consumption not systematically reported. Its production is region-
centered having been reported in different areas of north Peru [6,8]. 
Research on its agro-technology is limited despite its demand in the 
local and national markets. Moreover, literature is scarce and when 
present is not available to the grower due to the lack of diffusion 
programs. On this last remark, attempts to seed production through in 
vitro tissue culture [7], molecular characterization of regional varieties 
[7,11,12] and food manufacturing [13] have been studied. 

Crop production

Cucurbits (pumpkin and squash) crop production and 
management have been extensively studied and data reports different 
factors involved in profitable yields of kg/ha, as usually expressed. 
Among them: temperatures of 18°C-24°C and 20°C-35°C; soil pH of 
6.0-6.8 and 6.0-6.5; nutrient management including the enrichment 
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Abstract
Introduction: “Loche” is a pre-Hispanic cucurbit crop highly appreciated in Peruvian cuisine. Produced in 

northern Peru possess a diverse set of environmental limiting factors for profitable production: Ambient temperature, 
pH, irrigation, plagues and diseases; furthermore, Hydroponic crop production is being extensively applied for high 
value crops, favorable in “Loche” production case, these factors can be easily monitored and controlled under a 
soilless culture technology. 

Objective: To establish “Loche” plants in the hydroponic Ductch bucket system. 

Methods: Trials of cucurbit species were carried out in the Raft and Dutch bucket systems; upon positive results, 
“Loche” was tested in the Dutch Bucket system. Vegetative seeds consisting of 5-6 node-long vines were purchased 
in a local area and subjected to rooting procedures after which seedlings (n=10) were transplanted to 51 Dutch 
Buckets for vegetative and reproductive growth. Leaves diameter was measured at 50 cm and 2 m and inter-nodal 
length at 50 cm, 120 cm and 2 m of height. 

Results: Plants showed no sign of nutritional deficiency and their structures (long stems and bigger leaves 
diameter upwards the plant, p<0.05) resembled adaptations to a high temperature environment with constant water 
supply. Male flowers blossomed at 60 days of plants growth and no female flowers were observed. 

Conclusion: “Loche” was successfully established in the hydroponic Dutch bucket system. No previous work 
in this field has been reported for this crop. However, further research is needed for the technique to be apply at a 
commercial level.
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Both systems were successful for vegetative growth, however, a fixed 
volume of nutrient solution was difficult to calculate as for the raft 
system to be continued. In the Dutch bucket system, vegetative growth 
was allowed until the first appearance of female flowers (Figure 1) 
after which the plants were removed and “Loche” establishment was 
initiated. 

“Loche” establishment 

Sampling preparation: Cuts of 5-6 node-long vines were purchased 
in a local area, vines were taken from a stock of mother plants usually 
maintained by growers. A total of 60 cuts were selected based on the 
presence of adventitious root buds. They were subjected to rooting 
procedures in 1/2x nutrient solution alone, under fluorescent light and 
with constant aeration for 7 days after which a first selection based on 
rooting took place. Afterwards, they were place in 1 L Dutch buckets 
and maintained under moderate sunlight for 7 days for a final selection 
based on infestation and diseases signs and symptoms.

Sampling transplanting: The 15-day seedlings were placed in 
51 Dutch buckets and placed under sunlight. Care was taken not 
to harm roots in this procedure and plans with phenolic roots were 
discarded. Both 1 L and 5 L Dutch buckets substrate consisted of 50% 
rice hulls/50% volcanic stones [19] which was cleaned and sterilized 
before use. 

Vegetative and reproductive phase: Vines (n=10) were kept in a 
sunny environment (8-10 h/day), old leaves and tendrils were removed 
to allow a proper distribution and usage of nutrients. Vines were guided 
upwards using polyethylene ropes. Depending on the state of health of 
each plant 2-3 vines could grow. Leaves diameter at 50 cm and 2 m 
was recorded and stems intermodal length at 50 cm, 120 cm and 2 m 
were measured of the main vine. Vegetative growth was allowed until 
the appearance of female flowers. Temperature measurements were 
made daily. Roots were only observed at the end of the experiment. A 
pre-experimental study design was used andmeasurements were taken 
from the main vine.

with manures, compost, fish meal, bone meal and inorganic fertilizers; 
plague and disease control with cultural, chemical, biological, 
ethological techniques have been described; along with variable 
irrigation patterns [14-16]. Cucurbita moschata cultivars requirements 
are quite similar: Temperatures of 25°C-26°C optimum and limits of 
18°C-32°C, soil pH from 6.0-7.5 and the other factors equally diverse 
as in the family group [17]; As for “Loche” squash: temperatures of 
18°C-20°C, pH of 5.5–7.5, fertilization with organic, inorganic, solid 
and foliar fertilizers, applications of hormones to regulate flowering 
and irrigation with plague and disease managements also variable 
[8]. “Loche” is considered a “special” crop to be grown, meaning that 
environmental factors must be precisely controlled to obtain high 
yields, temperature known to be critical [6-8, 12].

On “Loche” production, soil and plant nutritional status, plague 
and disease management, irrigation, human and machine work force 
expenditure account for up to 80% of total budget [8]. An expensive 
crop whose permanence is only justified by high prices on the local 
market (5-10 times) and national market (up to 20 times) when 
compared to other edible cucurbits. Greenhouse techniques have 
been used to better control this parameter as for other cucurbits [18], 
whereas results are yet to be known, soilless agriculture in a controlled 
environment can be considered for this so-referred “special” squash.

Hydroponic crop production

Hydroponic agriculture is a soilless technique which has been used 
for millennia. Nowadays, it is used for home production, it has a market 
place for some vegetables and USA-NASA [19] and war submarines 
use this technology to feed their crew and most likely will be used 
when colonizing earth-like planets. Working with water (hydro=agua 
and ponos=work) would be a valid translation from Latin and it refers 
to the use of water as a phase to provide the plant with all nutrients 
transported by the root it requires for proper growth and development 
in a controlled environment; systems for such an objective are diverse: 
Static phase: Lettuce raft system and variations [20]; and flowing 
phase: Aeroponics (aero spring), Nutrient film technique (PVC pipe 
gardens), the auto pod and the Dutch bucket systems are the most 
currently used, variations for each cultivar are usually employed 
and for growing organically; In hydroponics crop production 
temperatures of air and soilless substrate, pH, irrigation, plagues, 
diseases and irradiation intensity can be monitored and controlled 
unlike conventional agriculture; However, the initial investment is 
high and technical knowledge of basic principles is required thus 
only applied in some crops: Lettuce, tomato, carrot, pepper, potato, 
cabbage, cucumber among the most important economically [19,21-
23]. Hydroponic production for “Loche” has not been reported in 
literature. Nevertheless, the technique has been used to study rooting 
[24] and flowering [25] in other cucurbits. The current study focused 
on the establishment of Cucurbita moschata var. Duchesne “Loche” in 
the Dutch bucket system as an alternative for crop production. 

Material and Methods
Pilot trial in Cucurbit species

As a proof of concept experiment, cucurbits: Ciclantera pedata 
“Caigua” and Cucurbita maxima Duchesne “Zapallo Macre” was tested 
in a modified raft [20] and with the Dutch bucket systems. The nutrient 
solution was the same in all treatments [26] and was prepared with 
soluble salts of the highest purity available in the local market, pH was 
measure only after preparation (6.0-6.5) and no further measurements 
were made. Regular changes of nutrient solution were made for the 
Dutch bucket experiments, ambient temperature was measure daily. 

Figure 1: Flowering structures of Cucurbita maxima Duchesne “Zapallo 
Macre”grown in the Dutch Bucket system. Female flower (Left) and Male flower 
(Right).
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Statistical analysis: Descriptive statistics for vine length, T-test for 
mean differences of homoscedastic variance in leaf diameter and one-
way ANOVA for inter-nodal stem length with Tukey post-hoc tests 
were performed using SPSS-19 software package [27].

Results
Sampling and transplant

Sampling spanned 15 days and 16% (n=10) of total stems cuts were 
successfully transplanted (n=10; 69.8+-8.9 cm of height) and used for 
the next step; undesirable fungi (Fusarium sp.), bacteria (Phytophtora 
sp.), virus and white fly (Bemisia tabaci) signs and symptoms were 
identified during sampling, all of which were eliminated throughout 
the selections steps but viral symptoms which were observed as light 
and green mosaicism in healthy dark green leaves [28]. 

Vegetative and reproductive phase
 Plants showed no sign of nutritional deficiency. Leaves diameter 

significantly increased upwards the plants (50 cm=3.36 ± 0.53 cm and 
2 m=6.48 ± 0.48 cm, p<0.05); Differences in stems node length were 
statistically different in the three height measurements (50 cm=4.39 ± 
0.49 cm, 120 cm=7.26 ± 0.58 cm and2 m=11.81 ± 0.89 cm, p<0.05). 
Finally, flowering buds were observed on day 15th after transplanting, 
flowering was observed only 30 days later (Figure 2) with plants 
average height of 225 ± 0.25 m. Female flower buds were not observed. 
The root system of plants was no phenolic, abundant and located in the 
base of the bucket where a reservoir of nutrient solution is secured by 
the adopted system. Temperatures ranged from 25°C –30°C given that 
experiments took place in summer 2015.

Discussion
Results indicate that “Loche” can be grown under hydroponic 

technology. However, if this technology is to be used, there are some 
challenges to be overcome to produce at a profitable level: Temperature 
regulation, seed production and female/male flowering ratio which is 
directly correlated to production.

Marketable “Loche” squash is reproduced vegetative only and when 
reproduced by seeds, fruits acquire “Zapallo criollo” characteristics 
through generations [7] whose organoleptic properties are not those 
of “Loche”; in conventional agriculture seeding is accompanied 
by the application of some biocide powder directly to vine cuts [8], 
nevertheless, infestations by some common fungi and bacteria for 
cucurbits are still observed [8,29], some of which were responsible for 
a low percentage (16%) of selected seedlings suitable for transplanting. 
Aqueous nutrient solutions during sampling and lack of biocide 
compounds could have favor growth of such microorganisms. Viral 
symptoms were observed in adult plants even though seedlings were 
thought to be disease free, a problem also observed in land fields of 
“Loche” cultivars [6].

Hydroponic “Loche” plants long inter-nodal stems architecture 
upwards resembles those of a plant grown in a high temperature 
environment, phenomena observed in Arabidopsis thaliana [30]; 
moreover, increase diameter of leaves might increase leaf cooling 
capacity, both adaptations in a well-watered environment. During the 
pre-experimental treatment, temperature measurements (25°C-30°C) 
were above Loche´s optimum (18°C-20°C) which indicates that 
“loche” plants were in a high temperature environment but with proper 
water and nutrients supply. High Temperature is also reported to affect 
female/male flowering ratio in cucurbits [31] and “Loche” [6-8] which 
can explain the no appearance of female flowering structures. 

Temperature can be monitored and controlled in close systems, 
often used for hydroponic crop production, being investment relatively 
high to this regard [19]; a completely isolated system as for organic 
vegetable production [22] with artificial lighting of determined 
wavelengths could be tested in the long future. However, flowering and 
its ratio can me modulates by phytohormones in cucurbits [32] which 
could be tested as a cheaper alternative. Future attempts in hydroponic 
“Loche” production should consider external application of ethylene 
or ethylene-releasing compounds in well-stablished transplants as for 
melon [33] and cucumber [34] and/or direct modulation of any of the 
genes involved in sex determination for cucurbits already identified 
[35,36]. The former only probable if the parthenocarpic origin of the 
fruit is validated [6] since no male flowers might be obtained.

Temperature effects in “Loche” has not been studied at the 
physiological and genetic levels to understand why this particular 
cucurbit is that sensible to temperature variations, even so that 
mother plants stocks have to be kept for each farming season and 
farmers exchange their vine cuts only locally [6,7], which implies 
a microclimate influence for an optimum production of desirable 
“Loche”. Furthermore, Climate is changing along with global 
increasing temperature [37], which can endanger “Loche” production. 
Although, plant adaptations are diverse and involve a complete set of 
gene expression and equilibrium in enzymatic activity [38,39], they 
have not been studied comprehensively for this cultivar either. Finally, 
data reveals no consensus for the origin of the genetic pool of “Loche” 
cultivars, phenomena which will require further research, but it can be 
stated that its architecture and metabolism are adapted to a drought-
like environment and that this regional human-driven adaptation 
could have produced. The “Loche” with the flavor highly appreciated 
in Peruvian cuisine. Marketable hydroponic “Loche” should meet such 
organoleptic properties.

Conclusion
Cucurbita moschata Duchesne “Loche” was stablished in the Dutch 

bucket hydroponic system, technique no previously described for this 
Figure 2: Male flowers of Cucurbira moschata Duchesne (Loche) grown in the 
Dutch Bucket System. No female flowers buds were observed.
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crop. “Loche” hydroponic vine structure resembles those of plant 
being grown in a high temperature environment with constant water 
supply. Further research on this adaptation is needed to obtain female 
flowering and fruits through hydroponic technology.
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